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NASA METEOROLOGICAL AND COMMUNICATIONS
SATELLITE PROGRAMS
INTRODUCTION
^.	 This year the National Aeronautics and Space Administration (NASA
-	 is celebrating its tenth anniversary. Two of its oldest programs, fre-
quently cited as contributing most to the benefit of mankind and to the
peaceful uses of outer space, are the weather-satellite and the commu-
nications-satellite programs. What are these programs? What have
they done for us? What will they do for us in the future? I hope to
answer these questions and others in the next few pages. I plan to give
you a brief description to help you understand what these programs are,
how they work, and to give you some idea of why there are so many
different types, sizes, shapes, orbits, etc. I also plan to describe the
capabilities and limitations of these programs and how we hope to im-
prove the programs in the future. Through all this, I hope to convey to
you a better basis on which to judge the value and potential of these
programs.
The first question we may ask is, ''Why do we need weather and
communications satellites?" One answer is that the breakthroughs in
space technology present an unparalleled opportunity to alleviate some
of the most pressing problems of our time. For example, in under-
developed areas of the world, improved weather forecasts could con-
tribute directly to improved agriculture and increased food production;
satellite communications could be used for education in under -developed
areas where conventional educational methods are not practical.
SUPPORTING SPACECRAFT
Figure 1 shows the three major spacecraft projects that slrpport
the two programs: TOS (TIROS Operational Satellite) and Nimbus de-
voted to meteorology and ATS (Applications Technology Satellite) de-
voted to meteorology and communications. The spacecraft on the right,
is marked SMS, standing for Synchronous Meteorological Satellite, a
part of our program for the near future. This satellite should also be
marked ATS. The ATS satellites, two of which have been successfully
launched, operate in an orbit concentric with the earth ' s equator, ap-
proximately 23,000 miles above the earth ' s surface. At this altitude,
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Figure 1. Meteorological Satellites
the rate of spacecraft rotation about the earth can be made to coincide
precisely with the rate of the earth's rotation about its own axis. Thus,
spacecraft in this orbit can hover above any given point on the earth's
equator; they have been identified as earth-synchronous satelli-Les.
This synchronism makes the ATS an ideal platform to provide continu-
ous observation of the earth's weather and also to serve as a communi-
cations-relay station. In this latter function, the ATS has been the real
workhorse of the communications program. The ATS, an outgrowth of
the early NASA Syncom satellites, is similar to the Intelsats (Early
Bird, Lani Bird, etc.) which are currently used as pact of the COMSAT
network.
The TIROS system is older than the Nimbus. The first TII<OS was
launched in April 1960 and demonstrated effectively that a lot of very
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useful meteorological information could be obtained from a satellite in
earth orbit. Originally only a few TIROS spacecraft were to be launched
and the operational system was to be developed aroun.I a larger space-
craft represented by Nimbus. Very early in the search for meteorologi-
cal information, two distinct approaches became necessary so we
separated the job into two separate project (_:forts. The idea of
simultaneously conducting an operational program and a research
and development program was simply not feasible: it would have been
like simultaneously running a scheduled railroad and a laboratory with
the same personnel and facilities. The TIROS program developed into
our TIROS Operational System (TOS) and the Nimbus program became
our research and development program. To express it a bit differently,
Nimbus represents our testbed for all of the advance sensors and the
new types of devices with which we are experimenting. We have to prove
their feasibility and utility before we can apply them in an operational
sense.
The size of the spacecraft in Figure 1 is a little misleading. The
TIROS is the smallest of the three, weighing only about 300 pounds com-
pared to the approximately 700-pound Nimbus and the 700-pound ATS.
The TIROS spacecraft is about 42 inches in diameter and about 22 inches
high; Nimbus stands about 11 feet high. The solar-array paddles from
which Nimbus derives its power are each approximately 8 feet high by
3 feet wide. The ATS spacecraft is approximately 56 inches in diameter
and stands approximately 7 feet high. TIROS is ,pin-stabilized: it spins
in space exactly like a gyroscope or top and the axis about which it spins
is fixed in space and points to a fixed location in the sky. Nimbus is an
earth-oriented spacecraft: the lower section of its sensory ring always
points to the earth. The stabilization and control system in the upper
section of Nimbus is very sophisticated and competent. This mechanism
contains sensors which detect the horizon of the earth and the position
of the sun and compute the attitude of the spacecraft. To correct any
tilt, the computer then actuates counter- rotating flywheels and gas jets,
adjusting the spacecraft attitude so that the lower face of the spacecraft
is always pointing precisely toward the center of the earth. This precise
pointing is extremely important for some of the more advanced sensors
that require a longer observation time to make their measurements than
television cameras require.
Figure 2, a picture of the cloudcover of the earth taken in the early
days of TIROS, demonstrates the significance of looking at very large
areas (roughly 2,000 by 2,000 miles) over the earth which were hereto-
fore covered only sparsely oy ships at sea or by aircraft flying the
3
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Figure 2. Cloudcover, TIROS 1, April 1960
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airways around the world. This picture can also show clearly that the
viewer's observations differ according to where he is stationed and what
path he is taking. For example, an observer in an aircraft flying along
the broad path of clear area may report relatively clear skies. If he is
flying a parallel path about 100 miles or so away, he may report cloudy
skies or some other observation which is completely different and mis-
leading. So froin pictures like this one, we were first able to observe
more completely and to a far greater degree of accuracy, the cloud
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coverage over a significant area of the earth. From these pictures,
we can also determin c,
 to a certain extent, the nature of the cloudcover.
We car tell from the :.nape and texture of the clouds a good deal about
how the weather will move in the next time period. Although many other
sensors are being developed, pictures of the cloudcover of the earth
still form he primary mission of the operational meteorological satel-
lites. Taking these pictures over the entire surface of the globe so that
daily global coverage can be obtained is an im portant and difficult Fart of
the job. Why do we need global coverage? Because as our studies and
understanding of meteorology develop, it becomes more apparent that
although local observations are reasonably adequate for short-term
prediction, we must know what is happening in areas far removed from
the local scene if we are to improve the accuracy of and lengthen the
term of predictions.
Figure 3 shows how we go about achieving global coverage over the
surface of the earth. The sun-synchronous orbit provides an almost
ideal solution to the problem. In ord.r to achieve this sun synchronism,
N 81" RETROGRADE
SUN SYNCHRONOUS ORBIT
ORBITAL MOTION
LATITUDINAL
COVERAGE	 1
SUN
Q4_11
S
EARTH ROTATION
LONGITUDINAL COVERAGE
Figire 3. Sun-Synchronous Polar Orbit
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'ne spacecraft is launched into a near-polar orbit, where the inclination
of the orbit plane is approximately 80 degrees to the equator. This
orbit, also called a retrograde orbit, permits the plane of the orbit to
process or rotate at approximately 1 degree per day, a rate equivalent
to that of the rotation of the earth about the sun. Because the satellite
can get the best view of the earth when the sun is over its shoulder, so
to speak, it is launched at either local noon or local midnight. This
launch then yields an orbit pane that contains the earth-sun line. Con-
sequently, the spacecraft will always view the earth at near local noon
on the sunlit side and near midnight on the dark side. Viewing time
can be varied by reasonable amounts: it does not have to be precisely
high noon. We have obtained very good illumination results with a
9 a.m. orbit to provide meteorological observations early in the day
and with a 3 p.in. orbit to provide observations in the afternoon. Actu-
ally, the meteorologist would like to have the advantages of both periods.
Weather satellites are launched into an orbit at an altitude of approxi-
mately 750 nautical miles (n.m.) above the earth's surface. From a
practical point of view, this orbit is fixed in space and the earth rotates
under it. The duration of the orbit, that is, the time to complete one
full go-around about the earth, is just long enough so that the earth ro-
tates or moves at the equator by a distance equal to the widt:. of the
picture swath. Thus, no gaps in picture coverage occur at the equator
and the overlap between adjacent orbits increases toward the poles.
Picture coverage of the entire earth takes approximately 12 to 14 orbits
in 24 hours. The only gaps that occur result from lacx of illumination.
They occur at whichever pole happens to be in the winter season and is
too dark for photography. Here we rely on other types of sensors to
view the earth.
Figure 4 shows the basic spacecraft used for the operational systen..
The side view shows how it spins just like a wheel in orbit about its axis,
the axis lying perpendicular to the plane of the orbit. When the cameras
are pointing towai d the earth, a detector aboard the spacecraft recog-
nizes the horizon of the earth and provides the indication or trigger
pulse to the camera shutter. The shutter is opened for the next picture
only after an interval of several revolutions. Each picture overlaps the
preceding, picture by a nominal amount. This sequence goes on for the
full period that the satellite is in the daylight portion of the orbit. The
cameras, of course, are shut off a; the nighttime side.
Figure 5 is a top view of the satellite with the "top hat" removed.
The hat carries the solar cells from which the spacecraft derives its
power — approximately 30 watts. We removed the hat to show the layout
6
Figure 4. TIROS Operational Satellite JOS)
of the components on the base plate. The symmetry of the layout re-
sults from redundancy or doubling of all major subsystems to provide
reliability and Jong life. We have almost two complete satellites ir one
package: two cameras, two tape recorders, two sets of transmitters
and receivers, and so forth. The two dome-like objects are tape re-
corders which are similar in principle to the tape recorders that you
are probably familiar with; indeed, some of you may have used one when
voa visited Goddard Space Flight Center (GSFC) to record & 1 _ talk. Of
course, the recorders in the satellites are highly specialized with care-
fully designed mechanisms throughout. They use specially selected
magnetic tape and are carefully tested and optimized for this par"icular
task. The cameras are similar in principle tc the cameras used in the
Tb studio. However, the cameras in the satellite use a vidicon picture
tube, which has a "sticky" or retentive photo-sensitive faceplate. If
you were using the vidicon to follow normal motion in the TV studio,
the picturas would be smeared. However, the camera, at 750 n.m. away
from earth, photographs a practically still earth during the ehort inter-
val when the shutter is open. The sticky characteristic permits the
signal to be read out from the camera at a very low rate, reducing the
bandwidth requirement and permitting the electrical signal to be stored
on the tape recorder. Many other mechanisms in the package are
similar to everyday items. For example, the clock mechanisms on
board are func ._:^naliv similar to the clocks at home that get you started
Jr
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Figure 5. TOS, AVCS, Top Removed
in the morning. Ours happen to be all electronic but they work exactly
the same as yours. Because we analyze orbit information and know
when the spacecraft is going to pass over certain parts of the earth, we
can set the clock mechanism the same way that you may set the alarm
to go off at 6 in the morning. We set the clock to alert the cameras
at a particular portion of the orbit. Precisely when the spacecraft is
passing over the ground station, the clock is signaled to start and it
begins to measure time and count out the interval set into it. Precisely
when it is supposed to alarm, it triggers off a sequence of electrical
events: one of the cameras warms up and starts to take pictures and
one of the tape recorders starts up and records signals from the camera.
This sequence continues until the spacecraft goes into darkness. The
camera and tape recorder are shut down until the spacecraft comes
8
within view of the ground station and the tape recorders are read
out.
TRACKING
Figure 6 illustrates the tracking loop; I will use it to explain how-
we track and control the spacecraft. The crossed antenna array in the
lower lefthand corner of Figura 6 is part of a STADAN tracking station.
SATELLITE TRACKING LOOP
'G	 ROGRAM
TTYWITTING
	
+
ANTENNA
AM DATA
STADAN
GSFC COMPUTING CENTER
Figu,e 6. Satellite Tracking Loop
STADAN stations are located throughout the world. In its normal orbit
around the earth, the satellite continuously transmits a beacon signal
irom a very low— power transmitter. The tracking stations observe the
exact time and path of crossing and transmit this data to Goddard where
they are fed into a computer. Exact orbit is determined: the path that
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the satellite is following has been defined in a three dimensional sens,
the t,me measurement provides the vital fourth dimension. The time
measurement is extremely important: we must know exactly where tr
spacecraft is at each instant of time so we can predict the time in the
satellite orbit that will ',,: optimum for picture taking and set the cloc]
accordingly, and so, later, when we examine the picture, we can deter
mine the precise position of the satellite when the shutter was snapper
Most of the pictures are token over water or over solid cloudcover. I
these, because geographical feaiures cannot be readily identified, we
must know the exact location of the spacecraft at a certain time beforr
%ve can identify the area photographed.
When the satellite comes within view of the Command and Data
Acquisition Station, indicated by reception of the beacon signai, the
spacecraft is first commanded to turn on and warm up the high-power
transmitter. When good communications are established with the spa(
craft, it is then commanded to play back a tape. This stage of the
operation is critical because this recorded data is unique. The next
time the satellite goes by that area of the earth's surface, the weather
will, of course, have changed, so we must be sure that we always get
nice, clean data with a minimum of noise and di:,tortion. When the taf
recorders have completed their playback, the satellite is commanded
to set the clocks for the next sequence of operation. The clocks start;
and as the satellite leaves the viewing area of the ground station, the
high-power transmitter is shut down and the satellite continues on its
way, carrying out its mission for the next few orbits, when it again
comes in view of a ground station.
T OS
Figure 7 shows hove data from the TOS spacecraft are handled.
This part of the job — indeed, all of its operatio%al aspects — is the
responsibility of the Environmental Science Services Administration
(ESSA). The AVCS (Advanced Vidicon Camera System) spacecraft is
on the lefthand side of Figure 7. The system uses two Command and
Data Acquisition (CDA) stations, one located near Fairbanks, Alaska.
and one on Wallops Island, Virginia. The data is piped, without any de-
lay, from both stations through wideband communications links to ESS
data-processing analysis facility at the National Weather Satellite
Center (NWSC) at ^i:'_tlsr,d, :viaryland. The processed data goes out o%
many aifferent types of communications channels to domestic users
th-r oughout the United States and by radio and even, on occasion, by
10
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Figure 7. TOS Data Flow
cable to overseas users. The dotted lines on the bottom of Figure 7
show the special users. The most important one, of course, is the
Department of Defense.
The TOS system requires two types of spacecraft. They look alike,
but the one on the righthand side of Figure 7 is different. It is identi-
fied as the Automatic Picture Transmission (APT) spacecraft. Its out-
standing function is the provision of almost instantaneous direct readout
of the television pictures as the spacecraft camera takes them. Its
cameras ar^ similar to the AVCS cameras. (Both of these cameras,
were Developed under the Nimbus program.) It does not use tape re-
corders, however, and the data is not stored on the spacecraft. Instead,
the signal is converted to a characteristic fully compatible with fac-
simile operation so, with very simple ground equipment, any interested
user can receive the signal and reproduce the picture that the spacecraft
takes as it flies overhead.
Many of the pictures that you see in your daily newspapers were
taken at a remote location and transmitted to your newspaper by
facsimile means. The big advantages of this equipment are its simplicity
and its economy: the signal can be transmitted between locations over
an ordinary telephone line instead of requiring expensive, high-quality
TV circuits such as those used for transmi ll ting television programs.
The APT ground station (Figure 7) is basically a simple facility.
Its antenna may be only a little more complex and a little larger than
the TV antenna on top of your own chimney. It has the required receiver
and facsimile reproducer. In its most expensive form (fairly elaborate
and ruggedized) this equipment cost approximately $30,000. Many pro-
fessional and amateur users throughout the world used ingenuity and a
little knowledge of electronics to build a complete station from surplus
gear; they spent just a few hundred dollars. Today throughout the world
approximately 300 to 350 stations are operating: these stations have
boosted many smaller emerging nations by providing a means for rapidly
augmenting their meteorological capability. Many of these countries
depend strongly on their agricultural economy and improved weather
information helps them solve the problem of feeding their hungry people.
We did not achieve c , ^ ^oal of obtaining daily global weather cover-
age until Februar y 1 3, 1965, with TIROS 9. TIROS 9 was launched into
a polar orbit and t"-- mosaic of its pictures (Figure 8), which cover the
globe, was completed only after the satellite orbited approximately 14
times. In Figure 8 we have taken a little artist's liberty to outline the
continents more strongly, but the cloudcover of the earth is unretouched.
In this mosaic for the first time we saw the full relationship of the cloud-
cover as it encircled the earth.
Figure 9 shows some of the processed data that the operational
satellite system turns out every day. The earth is divided into three
areas to provide necessary detail with the least amount of distortion.
The two poles are illustrated separately as polar stereographic type
projection and the center equatorial section is in the form of the more
familiar Mercator projection. ESSA transmits these pictures daily to
users throughout the United States and to member nations of the World
Meteorological Organization (WMO). (This organization does not suffer
from the problem of the iron curtain: it is made up of more than 100
member countries around the world.)
Many have claimed that weather programs have saved or will save
much money for communities and key industries such as agriculture,
shipping, and airlines. However, these claims are a bit difficult to pin
down into actual dollars. I believe the weather program is equally or
Jr
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more important to the saving; of lives than to the saving of money.
Figure 10 shows a picture of hurricane Beulah taken in 1967 by an
AVCS satellite. This picture enabled us to give early warning to the
people in Beulah's path. As you remember, Beulah was a destructive
storm and, even with the warning, caused considerable loss of property
and some loss of life. We like to feel that our warning saved many
more lives.
Figure 10. Hurricane Beulah, September 18, 1967
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Figure :1 is a picture taken over western Europe. You may be
able to identify the outline of the north European coast, particularly
Denmark and Sweden_ An APT ground station in I3erlin which the
Germans designed and built recorded the photograph. (In the photo-
graph, this station is near the central cross-hair mark.) Of course,
the Germans used information that we supplied to them but they also
used some of their own ingenuity and precise engineering to turn out
one of the best APT stations that we knew of. This is not too surprising:
their technical competency is quite advanced. We have, hokvvvt^r, had
Figure 11. Photograph Taken Ov-r Western Europe
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pictures of alinost equal quality from many amateurs and users at
Universities. The key to this quality picture taking is that the APT
s^ Stem is basicall y
 simple and does not require an elaborate set of
;g-fund equipment. The white area in the lower left center portion of
Figure 11 is not cloudcover but snow on the Alps. Photos of snowcover
may become valuable in determining water runoff and the possibilities
of floc.ri conditions.
NIMBUS
Figure 12 shows Nimbus B, which we expect to launch in March or
April of 1969. It will ca; ry a number of advanced experiments that show
tremendous promise for the ope rationa l. system. Figure 13 shows one
of these, the Interrogation Recording and Location System (IRLS). With
the IRLS, the spacecraft can interrogate sensors located on the ground
in remote high mountain areas or in rough territory such as portions
of the Arctic or Antarctic, or perhaps, as these experiments develop,
at various levels in the atmosphere or out at sea. These sensor plat-
forms can carry sensors to measure such parameters as temperature,
pressure, humidity, sea state, ocean currents, and wind velocities and
thereby provide censiderable input to the meteorological network.
Nimbus B will carry a number of infrared sensors to be used for
various purposes: the most important is that of observing the earth's
cloudcover at night. The infrared sensor does this by detecting the
radiant-heat energy emitted by the earth and its cloudcover. Because
the amount of energy emitted is a function of temperature, the clouds
with temperatures lower than those of earth, stand out against earth.
By selecting different parts of the infrared spectrum, we can observe
water vapor and carbon dioxide, to name just two atmospheric constitu-
ents important to meteorology.
Actually, infrared measurements can be made both day and night,
although infrared is the only practical method we have devised for
viewing or imaging cloudcovc r at night. This method has been demon-
strated very effectively in what is probably the most important new
sensor system to cone out of the Nimbus program, the High-Resolution
Infrared Radiometer (HRIR). Figure 14 combines two illustrations con-
cerning th- HR).R. The upper half is a picture of hurricane Gladys.
taken at "high midnight" in 1964. It was taken with the infrared detector
which operates differently from the conventional camera. The picture
is not snap-action; instead, it ec.nsists of a sequence of scan lines and
18
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Fi gure 1 3. Interrogation, Recording, and Location System Operation
the image is built up on a line-by-line basis. At any given instant, the
instrument is focused oz, a spot on the surface of the earth. A rotating
mirror provides the side-to-side scanning motion, and the forward
motion of the spacecraft provides just the right amount of displacement
so that the lines are adjacent to each other.
The lower part of Figure 14 shows a single trace or scan line taken
right through the eye of the hurricane. The signal varied as a function
of the intensity of energy radiated from the surfaces below the satellite
as the sensor scanned across. The black areas, which represent the
higher temperatures, indicate higher on the scale, running about 290°K.
Then, as we cut across the high, cold clouds, we get lower temperatures
running about 230°K. As the scanner cut right through the eye of the
20
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Figure 14. Analog Trace of a Single Nimbus 1 HRIR Scan Through Hurricane Gladys
(Orbit 305, September 18, 1964)
storm, it was looking almost down to the surface of the water or at
least to a much xvarmer area that was in the eye of the storm. On the
righthand side the temperature measurement is translated into a meas-
urement of height; the warm clouds are quite low, running down to 1 and
2 kilometers above the surface of the earth and in some cases a little
bit lower. The lowest temperatures correspond to a height of about 13
or 14 kilometers, representing, in more common terms of measurement,
about 37,000 feet. This system represents a real breakthrough. It was
thoroughly demonstrated on Nimbus I and for the first time provided
the meteorologist with a complete view of the earth on its nighttime
side. Now outputs of the two major systems (the camera in the daytime
and the infrared sensor at nighttime) can be combined to provide twice
the amount of viewing over the surface of the earth.
The infrared system on Nimbus 2 photographed at night the full
section of an orbit that took place over the east coast of the United
States (Figure 15). The Great Lakes are quite clear and Maine, Gape
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Cod, the Chesapeake Bay area, and Washington are recognizable.
Hurricane Inez is in the lower portion of the picture. Notice the rela-
tionship between the storm and the cloud system which extends offshore
over the Atlantic Ocean. The dark band off the continental shore is of
even greater interest, not only to the meteorologist, but also to the
oceanographer. If you look carefully, you can distinguish between the
light-gray land, the darker gray ocean current right near the land, and
the slightly darker warm Gulf Stream, which can be traced up to New-
foundland. This type of picture which reveals ocean-current location,
promises to be valuable to oceanographers and other scientists, including
social scientists, interested in potential resources from the sea.
We intend to put the IR system into operation on TIROS M, which is
schedules: to be launched in May 1969 and will carry not only the cam-
eras but the infrared detectors as well. Figure 1.6 shows that TIROS M
combines not only the advanced sensors tested on Nimbus, but also a
number of other valuable features. We have increased considerably the
solar-array area on th_ paddles, which now yields almost 400 watts to
operate additional equipment. We will put a three-axis stabilization
system in TIROS M so that, as in Nimbus, the lower face will continue
to look toward the earth at all times and will not depend on a timing
mechanism like the one on the spinning spacecraft. This will enable us
to use sensors which require a longer look at the earth to make a proper
measurement. The follow-on spacecraft to TIROS M will be the ITOS
(Improved TOS) which, making unnecessary the simultaneous orbiting of
two types of spacecraft (one devoted to AVCS and one devoted to APT)
will provide quite a savings.
ATS
Figure 17 shows the ATS, which is a spinner, in principle similar
to the other spinners like TIROS. ATS, too, serves as a test-bed for
both the meteorological and the communications experiments. I believe
that in the United States we tend to take for granted the communications
satellites. The subtitle on our TV screen "via satellit?" has become
quite common. The fact that the picture originated in a far-off place is
interesting but not "cosmic". Up to the present time and for the near
future the communications satellites have really served to augment our
long-distance cable facilities and provide a better, but not radically
different, service. However, the technology being developed promises
many new and exciting applications. For example, on one of the up-
coming ATS launches we plan to experiment with a portion of the
23
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Figure 17. ATS
radio-frequency spectrum known as millimeter eaves. These extrerr^ly
short-wave transmissions have not yet been successfully exploited on a
commercial basis. Some of the advanced techniques now under experi-
ment may open new avenues for expanding the usable part of the spec-
trum and enable us to carry out projects needing additional frequency
allocations.
We have tested on the ATS continuous communications with trans-
ocean aircraft. As commercial planes cross the Atl p.ntic or Pacific
Ocean, for long periods the aircraft are not in radio communication
with either coast, neither the point of origin nor the destination. An
oversimplified explanation of this comrr.. , :.nications gap is that equipment,
size, weight, power, and antenna size make it necessary for aircraft to
operate at high frequencies. Radio transmission at these frequencies is
satisfactory only for line-of-sight operation and, as a result, when the
distance becomes great enough, the receiver drops below line-of-sight
to the transmitter; reception fades and soon becomes nil. However, the
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synchronous ( stationary with respect to the earth) satellite, which is in
line-of-sight to the aircraft and the distant shore, can provide a radio-
relay point and thus maintain communications. For example, a synchro-
nous satellite positioned over the Pacific Ocean can see both the United
States and Asia and retransmit messages from an aircraft to either or
both continents. I witnessed a demonstration of this capability in a test
with a JAL plane flying from Japan to the United States. When it reached
the region where it .vas out of radio contact with Japan and was, of
course, not yet in contact with the United States, it transmitted its signal
to the ATS. The satellite relayed the signal to the NASA station in the
Mojave Desert, which relayed the signal by landline to Goddard. We
talked directly to the pilot and the transmission was as clear as, I trust,
you were able to hear my voice when you visited the Goddard Space
Flight Center. Several implementation problems remain to be solved,
but this project could greatly increase air-travel safet• .
The synchronous satellite also promises to be valuable in the field
of meteorology. Tests tondu-:t o ' on two ATS launches indicate that this
promise can be fulfilled. For exar-ple, Figure 18 shows a picture of
approximately one-fourth i o clrth's surface taken froin ATS III po-
si'ioned over Brazil. The mouth of the Amazon River is close to the
center of the picture. The co sinuous weather observation breakthrough
has provided potential for early detection of severe storms and continu-
ous storm observation to determine the storm's path. This observation
has enhanced our ability to predict the path and severity of the storms.
Dr. Fujita of the University of Chicago assembled a sequential series of
spin-scan pictures into a time-lapse moving picture. In this movie, he
correlated the cloud motions with actual tornado tracks as determined
by radar and visual observations. These observations provide strong
evidence that it will be possible to improve the accuracy and timeliness
of the tornado warning system. Admittedly, these improvements are
still experimental and uncertain at this time, and the synchror^us satel-
lite may not turn out to be superior or more economical for this purpose
than, say, an expanded network of ground-radar sets. However, the
possibility of continuous viewing of larger storms, hurricanes and ty-
phoons, and particularly the possibility of early storm detection, make
the synchronous satellite very promising. Certainly these observations
will provide a better basis for our understanding of the complex atmos-
pheric process. We hope that some da y we will be able to ameliorate
directly the effects of severe storms.
Incidentally, the camera that took these wonderful pictures is not
conventional. It is an elementary device designed around a telescope
26
Figure 18. ATS Photograph
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(Figure 19). The telescope focuses on a point about 2 ►piles in diameter
on the earth's surface. All of the visible energy or light which the tele-
scope picks up from that point is focused on the surface of the photo-
multiplier tube. This tube: measures the intensity of this energy. As
the spacecraft rotates, the telescope sweeps across the surface of the
earth from horizon to horizon. As the intensity of the light varies
across the surface, the energy on the photomultiplier varies accordingly
and the voltage output delivered is proportional to the energy that the
photomultiplier detects. Thus, this scanner functions similarlv to the
infrared scanner. The whole telescope, mounted on a pair of trunnions,
is tilted a small amount betwee • eac:i revolution of the spacecraft, cre-
ating a raster scan. Figure 18, made up of approximately 2,000 of these
scans, was taken in about 20 minutes.
A Synchronous Operational Meteorological Satellite system, now in
the planning stage, will be based on the technology demonstrated by ATS.
It will incorporate the spin-scan camera and infrared detectors for night
F igure 19. Spin-Scan Camera ODtIC5
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viewing and a number of data-relay features. Figure 20 shows the
earth coverage that we expect to get with the proposed system. The
system will initially use only two spacecraft. Their positions are
marked on the neap: one will be located over the Atlantic Ocean and
one over the Pacific Ocean. The outlined areas in Figure 20 indicate
the coverage that will be provided by the visual and infrared scanners
for day and night viewing of the weather. The larger areas, marked
"acquisition circle," indicate the communications region: areas that
will be within communications range of each other. Thus, we will be
able to make t-ic observations; process the clata; combines it where de-
sirable with data obtained from other meteorological sources; and
transmit the information to stations located within range of the space-
craft, ranging from Melbourne at the lower left, Tokyo at the upper left,
and Offenbach and Nairobi on the right.
Under the heading of data relay, the first system tested on ATS was
WEFAX (weather facsimile). In the WEFAX system, satellite photos
and other weather data are processed at a central station. They can be
enlarged, gridded, annotated, or reduced to a symbolic map form called
nephanalysis. These processed data arc' then facsimile-scanned and
transmitted to the synchronous satellite. This satellite acts as a relay
station for rebroadcast in a format which simple ground stations can
pick up and use locall y . Figure 21 shc,ws two photomosaics prepared
by ESSA from TIROS Operational Satellites (TOS), pictures showing how
the cloud pattern changed in 3 (lays. WEFAX retransmitted these pic-
tures and a ground station designed primarily to receive APT pictures
received them at Toronto, Canada. Application is still experimental,
but the system shows tremenclo , is potential as a means for delivering
the data expeditiously and econ..mically to the users.
ATS F and G (Figure 22), a brand-new spacecraft, will be used in
a project to devise a means for increasing the amount of radio power
transmitted toward the earth. The main feature of this spacecraft is
the large parabolic antenna structure, or "dish." This 30-foot-diameter
dish acts as a reflector to focus the energy of the satellite transmitter
toward the earth and substantially increase transmitter efficiency.
Figure 23 shows a possible application of tho satellites in educational TV
broadcast directly to schools or community centers for local retrans-
mission by closed circuit TV. With only 40 watts of radio-frequency
power in the spacecraft, we can now get sufficient energy so that fairly
simple receiving equipment can receive the signal on the ground.
An even more dramatic application of this technology is the use of
this spacecraft in a proposed direct-broadcast educational--TV system
19
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Figure 21. WEFAX Mosaics
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Finure 23. D irect Educational TV Broadcast to Schor` 1 and Community
to India (Figure 24). India is carefully considering this intriguing
possibility. This system takes advantage of an advanced technology,
leap-frogging over older and slower methods, and in one step, develr•ps
the means for teaching millions of people in underdeveloped areas of
the world. The system %would present the real fundamentals in education
— not the common three R's for Reading, 'Riting, and 'Rithmetic, but
matters even more fundamental such as hygiene, :arming, and birth
control. The system will first be used as an aid in improving basic
conditions; only when these are improved will it be used to -provide
the more common forms of education. However, here I am trans -
gressing on your territory as social scientists, and it is more - ^ro-
priate for me to outline some of the problems rather than propt-se
possible answers.
India has many languages and dialects. It is technically feasible
to transmit to India the video signal along with a number of different
audio channels, and letting the individual ground station choose the
i
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Figure 24. Proposed Hybrid Satellite ETV System for India
i3nguage. The cost and complexity of transmitting seve7 al languages iE
somewhat greater but not prohibitive. The biggest possible barrier to
this program is a sociological problem: should India take advantage of
this situation to force the use of a single language? Should it select,
for example, either Hindi or Urdu which are two of the most-used
languages?
The cost of the proposed system also raises serious sociological
problems n-)t too different from some of the problems we face here in
the United States. Where should the money, which is always limited,
be spent: in direct support for food, health, housing, etc., or for ad-
vanced technology, which could ultimately provide far greater profit'
Cost considerations should include not only the expenses of a sat-
and ground stations, but also those of manpower. A program sut % s
satellite educational TV is a huge undertaking ,
 requiring a consi. erable
investment in organizatiop, program planning, ti wining, acid implemen-
tation.
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A final, more subtle problem exists. India, as you know, is very
concerned and proud of her neutrality. Would being committed to
participate with the United States in an experiment with ATS F have a
serious effect on India's position in world affairs?
These are challenging problems. They are as much of a problem
to the social scientist as to the technologist. I hope that I leave you
with some things to think about as well as a good basis on which to
judge the value of this part of the space program.
